Together with the use of rapid prototyping techniques and efforts to reduce the production cost, wearable and mobile electronic devices are brought to the market faster than ever, with less time spent on actual usability testing of these devices for prolonged use. Due to this, the usability lifespan of such electronic devices has reduced significantly where consumers might be moving or upgrading on to using newer electronic devices more often than they really need to. Therefore, this paper focuses on identifying key characteristics of usability that may encourage prolonged use of an activity monitoring device. Also, to observe and record any user acceptance and/or usability issues that may arise from using an activity monitor over a prolonged period.
INTRODUCTION
In recent years, we have witnessed significant development in mobile and wearable devices. The user interaction with such portable devices is more intimate than any other electronic device. Furthermore, customers are more focused on choosing products that satisfy their perceived needs and senses [6] . Hence, the usability of mobile devices has become an important factor for designers and developers in decision making during the mobile device development cycle. However, the popularity of rapid prototyping techniques has shortened the development cycle of mobile devices. Thus, increasing the risk of user acceptance issues arising from inadequate time spent on diagnosing the usability issues in mobile devices over a prolonged period [13] . The emotional appeal and aesthetic integrity of the design makes mobile and wearable devices a very interesting area of study among HCI communities. Wearable mobile devices can be used in a large variety of contexts [11] , which could influence the user interaction over a prolonged period. Hence, understanding of the usability of mobile devices over a prolonged period is very important. There have been many research studies conducted to devise new ways of performing usability testing of wearable mobile devices [11] [1] [13] [6] . However, lesser efforts have been made to identify the characteristics of usability that encourage prolonged use of mobile devices such as activity monitors.
In this study, an intensive study of a small number of users using ethnographic methods [14] [10] of enquiry to improve the rigour of the study was undertaken. Ethnography is generally recognized to rest upon participant observation, a methodology whereby the researcher spends considerable time observing and interacting with a social group [9] [7] . In this paper, we discuss the findings from our study to identify the key characteristics of usability that may encourage the prolonged use of mobile devices. We have also mentioned observed user acceptance and usability issues that may have arisen from using an activity monitor over a prolonged period.
USABILITY STUDY
In this study, three activity monitoring devices (AMD) were used; Smartphone (SP), Smart Watch (SW) and Smart Wristband (SWB) to give a suitable variety of usability characteristics. In Particular, Samsung Galaxy S5 Smartphone, Samsung Galaxy Gear Smart watch and Jawbone UP24 Smart Wristband were used as AMDs. The AMDs were evaluated by recruiting a sample group of 4 young NZ adult participants that included 2 male and 2 female subjects aged between 18 -35 years, with consideration to factors such as balanced gender distribution, specific age group, and user experience with wearable smart devices. The selection of the particular Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than the author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions fromdevice was decided by the participant from what was available.
The user orientation sessions were video recorded to collect the moment the participants were exposed to the AMD to study the usability of the device from their perspective. Later, the participants were asked to use AMDs over a prolonged period. The participants were encouraged to use AMDs during their everyday activities as much as they could, especially during performing physical activities. However, they weren't asked to perform any specific tasks when using AMDs. The trial period of using an AMD was sufficiently long (varying from two weeks to 6 months) to allow them to perform physical activity in everyday life.
Qualitative data was collected from participants during and after they had finished using the monitor device, in face-toface interviews designed to provide data about participant's perceptions and experience related to acceptability of AMD. The use of 'interview' here is considered loosely, as there may be many opportunities to meet with participants over the course of the study, and data about usability may arise at any of these occasions, be they structured (i.e. an orientation session, a debrief session) or informal conversations occurring through casual meetings or visits by the participants during their use of the devices.
The researcher met with each participant at the HCI Lab in AUT where audio/visual equipment (i.e. video camera or audio recorder) was set-up to record the interviews [12] . The interview sessions were designed to be open-ended and free flowing so that the participant could comfortably report their user experience with the AMDs. Then the researcher composed field notes [12] to record highlights, impressions of the interview sessions and participant's expressions. The field notes were descriptive and captured appropriate information relevant to this study so as to be helpful as a chronological summary or as reflective notes later used for thematic development [5] .
ANALYSIS
In this study 14 of the interview sessions were video recorded. The collected video recordings had a duration of over 200 minutes, and along with additional field notes this was felt to be sufficient in this narrowly targeted study. To analyze the data gathered from participants and from the field notes, a qualitative generic thematic analysis was undertaken [2] [4]. Since there is no commonly accepted procedure for data analysis within qualitative generic thematic analysis using video data, purposeful processes were extrapolated from other qualitative methods the researchers deemed appropriate [12] .
The video recordings and field notes were viewed repeatedly to extract key sentences from the participant feedback and transcribed. A total of 488 key responses were extracted in the first round. Then an open coding process was undertaken that identified 280 free nodes with varied contexts. This was then rationalised to 125 nodes with relatively unique meaning.
As shown in table 1, The nodes were grouped in three categories: 'Physical Appeal' (i.e. Design Aesthetics), 'Features', and 'Activities'. Then we further divided the nodes to two common sub-groups namely, positive feedback (i.e. likes) (+) and negative feedback (i.e. dislikes) (-). These groups are outlined in the Table 2 below.
Devices
Physical Appeal Features Activities Although we used very open methods of enquiry to collect the data, informed by ethnographic methods. The analysis was somewhat more pragmatically focused using the narrower goal of device usability, characteristics of usability, and prolonged use, akin to the 'post' in post positivism. This was because of the propositional form of post-graduate studentship and the necessity to restrict the scope and duration of the study to fit into a Masters thesis framework.
In table 2, the details of device selection and usage (in weeks) by each participant are shown. Jack had used all three devices for the longest period of time, whereas Bella was the candidate who used the SWB for the least amount of time among the participants. 
FINDINGS
The data collected helped us identify important factors that are grouped by AMD's design aesthetics, features, and activities perspective.
Design Aesthetic Related factors
Factors such as the physical design, battery performance, portability, device's weight, the ease of physically handling the device, and the screen size were significant factors to decide on the devices' usability and the users' decision to continue using the device over a prolonged period. All of the participants expressed the need for a screen display. According to the participants, a bigger screen size was important to them as it makes the user interaction with the device easier, smoother and more engaging. Conversely, the wearable devices such as SW and SWB were reported to be easier to wear and carry. The SW was found to be most attractive to family and friends. The SWB was reported to be blending really well with other clothing accessories, making it a fashionable device to wear in parties and social gathering. One of the participant said,
"...I like the band because I found it fashionable and I am on a weight-loss regime so I thought I would use it..." -Bella
This shows that "being fashionable" encouraged use of the device. The most interesting finding relating to design aesthetics was that due to an excellent ease of wearing the SWB the participants were comfortably motivated to keep using it even while sleeping.
There is a paradoxical duality here. Participants both displayed behaviour and made explicit statements that support prolonged use in both the highly interactive multi use system (SP), and the minimally interactive SWB.
Features Related Factors
The studied AMDs were offering different capabilities in the form of various applications designed for such capabilities. For example, sending / receiving phone calls and text messages, camera for taking photos, playing games, watching movies, pedometer, heart rate monitor, health app etc. Such applications offering various capability are regarded as Features in this study that constitutes an important factor in deciding the prolonged use of the AMD. One of the participants said, This shows that the "measuring heart-rate" feature was actually used by the participant to engage with friends by playing the game of 'finding who has the highest heart-rate that time'. SWB was found to offer the most surprising feature to measure sleep patterns. The participants reported that this 'measuring sleep pattern' feature made them feel satisfied to know how their sleeping pattern was and how sound sleep they had in the night. This feature encouraged them to use the SWB device more. The feature to record eating habits and keep track of calorie intake in SP and SWB were found to be interesting and helpful but too tedious and difficult to use. Hence, participants eventually lost interest in using this feature. This shows that ease of use is a very important characteristic to decide success of device over prolonged period of time.
Activities Related Factors
The third and final factor were the Activities encouraged by the device such as pedometer, heart rate monitor, calorie burnt etc. All three devices offered activity monitoring features in the form of mobile applications. The activity monitoring applications such as S-health and UP24 Fitness Tracker helped participants set goals and actively track them to successfully help achieve the goals in a set time. The real-time monitoring and notifications to stay active, helped the participants to stay physically active and healthy. The pedometer feature on all three devices were noticed to encourage the participants to stay more active. However, they reported intermittent inaccuracies in step counts by the pedometer raising trust issues. The heart rate monitoring feature offered by SW was found to be most interesting and useful when performing physical activity. These activitybased features encouraged the participant to stay focused on physical activity and to get the most out of it by tracking set goals. It also encouraged the participants to use the devices more during physical activities. The participants were comfortable to use SWB more during physical activity than the other two devices due to its simplicity, ease of use and lightweight characteristics. The SP was found to be difficult device to use during performing physical activity and posed risk of damaging its screen due to accidental falls. One of the participants said, Due to this risk of damage, the participants were discouraged to use SP during performing physical activities. Having no screen display on the SWB, made it safer device to use during performing physical activities. Hence, it clearly shows that decision to use device during performing physical activities is directly related to user's perception of risk associated with the device's screen getting damaged during such activities. SWB was reported to have better battery life than other two devices when used during performing physical activities.
DISCUSSION AND CONCLUSION
The need for a display screen was unanimously expressed by all the participants. The size of the screen also mattered in some cases such as they wanted to type messages into them. Participants felt more engaged with the devices that had a display screen while using them. One participant reported on risk of screen damage during the physical activity. However, users preferred a screen to interact with the device and did not care much of the size of the screen. Having a good sized display screen promoted user acceptance. However, not having a screen increases the perception of robustness and incorporation into daily life, and therefore, paradoxically, prolonged use.
The ease to carry/wear the device was found to be a crucial factor for prolonged use of AMDs. The participants said that they could not do most of the physical activity while holding the SP and it restricted their physical activity. Hence, they used to keep SP either in their pockets or on a table mostly while performing physical activity. This discouraged them to use SP during physical activity.
Whereas, SW was easy to wear around the wrist and did not bother them much during physical activities. However, the participants used to take off SW when to go home or go to bed, as they found SW to be distracting and bit heavy after a long day of using it. The SWB demonstrated that the light simple approach was preferred for everyday use. The participants found SWB very lightweight and easy to wear with least obtrusiveness as compared to other two devices. They enjoyed wearing the SWB all day and even at night to measure their sleep patterns. They felt encouraged to use the SWB during exercise to measure their step counts, calorie burnt, and heart rate.
It is interesting to notice here that factors such as having good-sized screen, better battery life, being lightweight, multitasking, ease of use motivated better user acceptance of the device. Whereas, factors such as having no screen, easy to wear, lightweight, fashionable accessory encouraged prolonged use of the device mainly during physical activities. Some of the factors such as ease of use, battery life, lightweight were common factors in improving user acceptance and encouraging prolonged use of the device at the same time. This finding could be useful towards improving AMDs so as to improve continuous engagement with the users. Some of these factors were found to relate to each other such as better battery life and being fashionable lead to using the device during social engagements, hence encouraging prolonged use of the device. Also, factors such as having no screen, being lightweight and easy to wear, increased the perception of robustness, safety and adoption of the device in daily life, therefore encouraging the prolonged use of the device.
